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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a heat treatment method for a 
steel material, which makes a surface temperature and an inner 
temperature of the steel material in exact agreement with the target and 
performs such heat treatment as to impart the steel material an 
objective property, and to provide a program therefor. 
SOLUTION: The heat treatment method for the steel material comprises 
an operation step for assuming the surface temperature and the inner 
temperature of the steel material after being heated, from data including 
an electric power scheduled to be supplied to each induction heating 
device, a determination step for determining whether the temperature of 
each part of the steel material fits to a predetermined temperature 
condition or not, a determination treatment step for modifying the 
electric power and iterating the operation step and the determination 
step if it does not fit the temperature condition, and a supply step for 
supplying the electric power used in the operation to each of the 
induction heating devices if it fits the temperature condition. 
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/ *1 = 




. xi = 


X2,ml+nl 




-*1'0, 











X = 



X3,iBN + nN+'--+inl+nl 
X2,n«+nN+—+ml+nl 



(26) 



[0053] mmmm^momsis^iL w^^txo - iojk [ o o s 4 j 
X, momsstmt. (2?) -ca^ti-s, ^ [»io] 



(27 > 



[0055] ttc. -^mommim^-cimstitc ★ [ o o 5 e i 

(2 8>ra3*lS. ★ 



> + Bui) 



(281 



(2 8) (2 7) *RALr. ^(29) ti!r[0057] 
-S, * [1412] 



1^1 ''J'^^ii?! J^^ ^^^^ 



(29) 



[005 8] COi^n^.X'J tm^iM:LX{.>< ♦ [0 059] 

smmmmms(ommmLn&S'C(om^ 2 ©ss^s^a? [®[ 1 3 ] 



+ A 



-I- A 



+ A* 



•f A 



•f^ A' 



•+»l^"^^A^j(F + Bul) 

„«,+nW+. . + m2^"^^ A^ j(P + BU2) 
A* j(F + BUM) 

4-nN+--i'm2+n2 L 
I i=l J 

1 J. '>H.?.'> 



(30) 



4- A 



cn^mm'ri>t^ (31). (32) cdjc^cc. 



[0 060] 
[»14] 



(U) 

19 

«M = Xoxo + Xiui + •• + Xmun + Xiie 
xji = (xoxo + xnc) + («i ••• Xm) 
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(311 



(32) 



CO 06 n (32) %fieffl-rsci«:<fcor. ads^ 
[0062] i^±3i^ btcimifma. mmmwei^ic 

[oo6 3}5t-r> *niaio.fc^i-rssjwi^si5«:*jws 
m^^^p^ic (3) {cj:«5^a>-s (t i) . -eu-c. ^ 

a^^JJ*S;(8). < 1 0) (T2) , * 

/c. :A^'Ncr>ftt5S^s«^ (14) k:J:0*«>.6 (T 

3) . -tur. cne><D*«{>ytiS*s:flai»r. mtmsn 

<DUemit^^^htc^<DA (21). (22). (2 

3) vmsti^^^nta-ri (t4) . 
[00641 m>x. mmmmms. i ^sis® 
mmm.m<Dmm. muaymmm&^m^K mmm 

(T5) . c©Bs. (2 7) (3 0) immi, 
T»itt2©iae:^4^-ct^<. *ytic (32) * 

[0065] ;xcc. c(Dim:^a4fflc»-c^s©fiiiaa 
=&if 5:^^. iP%iBW2*iSSir«fia»?&i*4J: 

r * c i fc J: -5 r J|3^-r -5 c i jWt # S. 
[ 0 0 6 6 ] 04«. ttIfi^;^«:^»S«:t)SI»«!aS© 

[0 06 7] *-rfi^«i:fl!J»!ffim:t;u,. u,*^3t 

■rS (SI). ^Or±iE©lt#^lia (T 1-T4) {C 

tf»-r6 (S2) . -eb-c. Sii3iJ]Di^sigr©j!ni^a 

^fr4?«/cL/rt,»5*^i'^*»©*iJ5£*tf^ (S3), 
[0 0 6 8 ] aa^f^«:)S^bT:i<»n« (S4 Ye 

J-r^o S^Lrt<>^l,>i©^« (S4 No) . mtctj: 

mmmmmtiur. u,*^;iriaan-g©^Dito 

[0 06 9] «±©*jia4iS Oil Uf^ciT. st^wra 
?^«stmw-c©s«aa^*^px«*^^ntf. -e-ti^n 



[007 0] ^mm(ommK.i<n,^xit. t£M^m<Dmm 

10 r**. LfcAJor. i»tea7-r>rt©sf«jnii»siB— 
#«i«:^1vt2©rtgpss***scit. Sfc^^JniS^ 

SSaiKl^^CC^Ii* 2 ©rtgSfiS?:**^ C i oJtli 

[007 1 ] Sf-^r. jjnf^is*{c*jws^M©^ffiS 

s^tt©i^sp©ff^fii[S©ias:%siii^3P&s:(C)trft^-c 
mmms icmt^^'> K.mmt * c i ©r t 

[0072] ^XK. 3t:S»Saffliaffl=&fflC»ft:ll2©j||6© 

20 mm<Dmi&mijmiC'ot.^xmm-rz>, :^mmmxi>t. 

m 1 ©3liffiJB,®r^2?)-5»n?^m:'3J!i5S''hffi{c%s J: ^ (c 

-z>f.^xitmi<o^mmi.m-xi>ifcifo, mi(mm 

[ 0 0 7 3 ] 05«. I|2©SI;^J^SSk:^S. mfmt) 
[0 07 4] *-rJi^Aj:»J«S{im:'Ju,. u.?:^^ 

•rs (s 1 1) , -5-i/r±ie©it»^Jii (ti~t4) 
icu^xmm)jaimstiim(DUammm^x-L x* 

30 ^:H-e-r.s (s 1 2) . *i^r. ^mmmmmmx<om 

o. sa:^f|:*sj/ci/rc>**>i-^3&>©*ij^*tf ^ (s 

13). 

[0 07 5 ] ®^LTt>«CC»lii^« (S 1 4 No). 

mtcrmmimmtlur, u.^-^^raasts©-?' 

*)itL*tf fis^mcji^u-ct^ntf (s 1 4 y 
e s) . &mmnm^sxcomnmt)&(omx&i,-^n^ 
m9mt)mi:^it. ^ti-r«»s;^a*isd>«c j& s <t' ^ 
*^®#iM*?f^ (s 1 5) . fftto-fe. ^^tt^^a-c 

40 ©^tf-m9S:^a*»SiJ>K:^r« J: 5 i!5:tt^m;'3*^«?> 
S. ^itrH^*fi*iH»fSfi«T©^frOcS^L/-ct,»^c 

t»js^» (316 No), mtctmmmmmh^^^ 

xum\n(D^K)S.o^n':>. ^mnmmt)mi>m^& 

WT©^fefr{cja^Lmia« ( S 1 6 Y e s ) . ^© 

[0076] c©}jn?^m:^*is/hffi«:tts J: ^KiiaaT 
■S^m*SC (3 3) -c^stvs. 
[0077] 

so 



(12) #g8 2 0 0 3 - 3 0 1 2 1 8 

a 22 
" li 

2 «<i> *■ (33) 

1=1 ^ 

[0078] -r^cto^. c4a6^fr*«/cru(i)<t(*. * mi&<Dm^mj3mK.':>\.^xmmr^, ^mmm-at. 
u^aricimL. mmjL.fmTm(Dp^s^<Dmmiim<o mm<omm^m4^mmimm=S:m'^^x!&mi:n'i!k 

10 [0081] tr. mi ©njsjgss. ^2 ©susj^ssk 

m.mnmm. ^¥mmnmmtj:t'-m.mtj::f3m'cm. [ 0 0 s 2 ] s^mmr^^^\,t. ^(34). 
< . * tci&B=Fr)i i'©saft#ft*jaffl L (3 5 ) tiS. 

rfcftl^. [0 08 3] 

[0080] i>:{C. *l»A!iSS«*fflC»/cll3CDSIig©* [fKt 1 6 ] 

T* - = 0 (34) 

T*:Bk«ioiMiBttia-e(oi*i«afttt. :nffaaB«e 

Trs - & 0 (35) 
Ti,:i »iS«2DlftK«iil«lT<0«Ba8E, T„:«Baft±na 
fef£U. 1 s i s N 

[0084] f*3Sffiaa(iflns»g«-c*.5/ca)iSE^©^fr jksc ( 3 e ) ©j: 5cci5H4Jg:Sf i t nitg-c*6, 
■r^sn. ^ffim«»D?^±Kfii-c*s/c*:T^S;f s [0 0 8 5] 

|t* - TsI ^ O (36) 

[0086] cne.». Si^ftnfSi^g©*;^**** ★ s > -cm-ir, 
mf¥trj:i>, 3p,{c. mmmfms(omt}i,ct 30 [oo8 7] 

>i©r. C©$IJ|t)^fefl:;&SC (3 7) . (3 ★ imi8] 

u(i) - u mln 2 O (37) 

win •.ftijWfl^U. 

- u(l) + u max 2 O (38) 



[0 08 8] $e.CC. ^ (34) . (3 5)©$(l*s^# Tltu-t?*^. 

tctei^r. sij$^j^c}j©sst,, t».«. ii-©iiiswi [008 9] *-r, i?^©ini!»^fl=-c*4sc (3 4) w 

©iaffiiCtcj:*). g|3lJnf^^fi©Jni^S::'3u,« u.* 4o (3 9) xmstii. 

m{.>xm-rctifiv^ i>, rrjii^iy. sc ( 3 2 ) [ 0 0 9 0 ] 

*(l*5>^fl=SC (34). (35) imftm^u,. ir [» 1 9 ] 

Cm(Xoxo + X^c + Xi + .. + XmUh)- Tp = O (39) 

fcfiU Ci, = lo I 0 J -Cfc*. 



3 6 (C. ^5¥^©$lIi|!^^ff»JJlT©5« (40)*>e>JC [0091] 
(4 1 ) raTCt*i-C*2>. m20] 



(13) «FBa2 0 0 3-3 0 1 2 1 8 

23 24 

[0092] cnci •) . swRi^. m^^f^ifi-r^x * [ o o g 3 1 «±©«ia%siaLia-r ittr©* ^cc^c 

:rx=.--xnm^(omm^m0immmmi&mr [ 0 0 9 4 j 
c<t*i-c*4. *io (»2n 

u(i):ittSR«ttlBSIE«A. M:tt«ttiettadll 
- u(i) -f Unax ^ " tWy-B^a^lt 



[0095] c<D?mwcMi:. mA-Mim^mm 

^Jii«:ii^:fc$iliaiSlg 6 (^{cfci^Tftia^S c t (c J: 

[ 0 0 9 6 ] la 6 «. 2iEi«i8*si«K:afli L//dsii*jr 

[0 09 7] gisi*nf^iiB6^. *7Wisa4o-c. mm 
rtspsss 5 0 -c. mmmm±mm&6 0 0 -c©^. ± 

(1 ) ic^nL.. ■e©m:^*ffl(,>/ci©^©aa^^©B#^ 
mmtimeo (2) tcis-r. 

[0098] *i^?3©^K:J:-:.-Cg|«*nS»ilgSK»i 
Sn-rteO. :©*^l8©^«Jin?SJ5S©im!'Jfia-C*-5i|r^ 

6 0#igja^*{ctew5gii5t©rtsi5©^!tffis©aiK«»:- 

V0= [VO 1. V02. VO 3. • 

(IL. VO : tBiMjlSlOTRHii. 

VOi (i = l~n) : i >'^•;^e^SjlSjiSttJ»i^i 50 



[0099] C©J: ^CC> *^B^{Cj:ntfJjni»X?ic*J© 
{^@l^7^©^M©F*9SS©^€til[S©SS«^g^ft 

[0100] >xtc:^m!imsimim(.>tcm4<Dmm<Dm 

sl©l^a:)^K:o(,^riftHj-r-5. ^4©iii6©j^)i§-c 
j]ni»jaa©^*iffi/i:-r*ni^m:^©rt. m&micm 

8i*i*e. fie-:>r. -enw^i-©«fiKccoc>-c»±^©ii 

[0 1 0 1 ] 07«. ll4©IISS©i^SSCC0^^)?Sl«^:& 

©/^•xc:i«:taillJia«a:S■rsci*5pI«6T*^., at 
o-c. iB2ijis«« (4 2) -cmm-i. 

[0 102] 
• VOn] - (42) 

5fer> asjtiiSiLrsjasfii^rS^-rs (S2 0) . c 
cv. »j»ifiivo«ffs©fii-c*o-c*>s<. sfcUtt 



(14) 

25 

[0103] ^LX, -eCDjft2li£S€:m»T:J:MCDia 
4 . 5 w:7nTm:*jSI»%tfi>MJ?ft«^**«>4 ( S 2 

1) . ^^ic. c<Dmf^^-cm^2<Dmmmu&ifimm 
^^^Si-rza^f'^iPim^^ (S22) . comm 

[0104] Sfor. *iil«j^%?iE£Lrt>sis^tt lo 

( s 2 2 Yes). mtifMw^miEiicmn^tifcc t 

]|[€:§f5£fi/ci:fji< -r s ( s 2 3 ) . i^s, fiajM)ie«HFf 

[0 1 0 5 ] -5- or. JtaufciSiiaia^fflu-cwSfl 
*«»*tf c» ( s 2 4 ) . mt2(oi]atmu&i)imm^ 

fl=*^-rS3>»«!f^*>*Pi'>«S (S2 5> . 

^S-r-5«^« (S2 5 Ye s ) . Mtcxf-^^'S 2 20 

[0106] mm^f^^^S.Ltjii.^m'^it ( S 2 5 N 

o) . micmmri,. mmm&'S:mMr^:^^y^s2 

[0107] mu2<DmmM&. rtsujaa^^^n^nm 
imBmmicin,^m-^a ( s 2 2 n o ) . MttmnmiE 

o<nt>titj:i)^-ifcc t^mmbxt^^^. ccx. mti 30 

»ccgi«2©ss*i(a<ft-7rc>«is^-c*4. {5jS(ft 

ctic^-:>xu&iTif^ctifi^mfjitcib. s-rm:f3 

[0108] t^orc®J8^«:«, ^l5j2®!aKJnKS(*s 

26) . (sa. tai^s»e?s«-cj&:<. er^sd^-ciK 

r^St/"Cfcai/», 40 
[0 1 0 9 ] *u-c. «j$Lfctaiijis*m»rssm 
trnmrn^ ( s 2 7 ) . si«2 ©jjDf!»tf«flK*j*iiiKj^ 

ft=«r^S-r**^i'^*^«:i9-<S (S2 8) . SfMSj^* 
3tJSl/!&:t>ti^l3: (S 2 8 No) V Ig(c;^f--y7'S2 

6-28 iir, (mm^i^-ntm-^it ( s 2 

8 Ye s) , CCDJSSBiS^tSffl^^ (S29) . 
[0 1 i 0 ] *iys©fl5S|{CJ:*i«. »f5£0*fliKJ^4 



«fgi2 00 3-3 0 1 2 1 8 
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[ 0 1 1 1 ] i^a. :^m(ommxi,t. im^m.mmmi}^ 
p>mMm»i:nr,tci)i. mm(omm&&micmrsi.^xm 

mMm^imii>xi>m\ a^. ®*©ffiiiMKg^fii 
tmti2(owt m?nt. mify. mm) ©-a^ti-fcs-? 
c»r. j]n^oj:^i^-5»i«2©^«:*nr.rsjiaiiji 
a*rt^5-.iiiffitc J; o r »ta Lr fern*. 
[01121 kl±MmVtcJ:'?tc. m©*SSJf5!S©^ 

^^Mi^ss(cj:^^{vti^gi!©iii^^ 
•scttcio. ^©^ffiias. rtSPiaa^ffls J; <@ 

S4c-gc3<*. SWvt4@«©14M«c«cSJ:^!&:jjftS!ig;& 

[0 113] m2<DmMmmommcin,^xit. 

[0 114] lE/cl|3©j|Jfij^S§©^?gci:tei,ir«. ^ 
jfifetSAm^tj*** 4 fc«)©fija{ bras©»*^^>cr;^ 
ltiiDffii?©Sl»«jlS^f=t##li}KStiiitttc i o r^AS c 
<!:(c«fcO. 5ai^J:<«ff©J:c>a^^^5**«{>5c<fc3&i 

[0 115] M«C. 3l4©|fete©J^JII©^BjK*jl,^r 

«. ±jS©ssitt©iK«©»ni»«ia*-c#s/cwst,»i^ 
[0 1 1 6] ^L-c. c©MffiwMxg4'©4»iai®p§ 

*§^il©-'^* if - --^icfie or$ij®i-r -5 c <!: *i pitti .5 . 
[0 1 1 7 ] i-o-C. M^©^ESK. rtSKas©ffi 

a*ii^±L. S3£ofcp°pS©»i«%«jS'r.scidi-c# 

€.ti«>«C. flfi!ia©tt]Jftiag©ffilgSr^B{WK:r«iI±f 
[0 118] 

i^©^iiiias. i^8Kaa4fSK<fc<as(c-g(3-t±. m 
^^^*lBff!J©i4^**>-^J:^tc«^^!la«^f ^ c i*i-c* 

•s. 

mi] :^^mic%i>m!mi3mi)mm ^ti^imm 

m2] jas^{b««-rs;«:m»6n«^#4a-r 
gi. 

[SIS] sim«:^«'6flDr^©^^taa^7tF%$2t>^ 

[04] lII]Mm*=£*a)-&fc»©«llHS©7a-?rjS-r 

m. 

ftiiBS©7a-i&^-ria. 

[B 6 ] L;^«^^-rBl. 

[ @ 7 ] m 4 (jm'^cmmc^zmmnm^wsikfD 
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(15) #BB 2 0 0 3 - 3 0 1 2 1 8 
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111 



[B2] 




I 



u2 



u3 



.83^ 



UN 



ML 



xO xl xr 1(2 us ]^ 



I » I 

xN xN* X* 



[ia3i 



--T5 




[05] 




(16) 



2003-30 1 2 1 8 



[196] 



17] 



(1) 



(2) 






mmami 








mumm 



-S27 



-S24 






Yes 









(72)11^$ t$7f<: :SIP) 

««tlP^«;fflEA(DF«i-TBl»2# H 

Kmg»^f^ffllZA©F«9-Ta 1»2-^ H 



